Zinc oxide nanoparticles were synthesized by the thermal-treatment method. Polyvinyl pyrrolidone was used as capping agent and Zinc nitrate was used as a precursor. The samples were calcined at 500 and 550 o C for removal of the organic compounds. The structural characteristics of the calcined samples were examined by X-ray diffraction and transmission electron microscopy. The results show that the average particle size increases with increase in calcination temperature. The optical properties were characterized at room temperature using a UV-Vis spectrophotometer in the wavelength range between 200-800 nm and the band gap energy was calculated from reflectance spectra using kubalka munk function and the results indicated that the band gap energy decreased from 3.23 eV at 500 oC to 3.21 eV at 600 o C due to an increase of particle size. This simple thermal-treatment method has advantages of the pure nanoparticles formation as no additional chemicals were required, a lack of by-product effluents, and environmentally friendly process.
Introduction
Metal oxide nanoparticles have recently attracted significant attention for their role in fundamental studies and technical applications [1] . Zinc oxide (ZnO) nanoparticles, has been of great interest for application in optical devices such as blue-violet and UV-light emitting diodes and laser diodes, varistors, sensors, piezoelectric transducers, solar cells [2] , transparent electrodes [3] , electroluminescent devices and ultraviolet laser diodes. There are many methods have been used in the previous researches to synthesis ZnO nanoparticles with improved chemical and physical properties, such as sol-gel technique [4] , precipitation method [5] and Sonochemical synthesis [6] . However, by using these methods some fundamental and technical issues arise that could limit their progress, such as the difficulty to apply on a larger scale, the usage of complicated apparatus, complex process required, being too costly, high reaction temperatures needed, long reaction times taken, the employment of toxic reagents, the possibility of having by-product contamination, and above all being hazardous to the environment.
In this study, thermal-treatment method was used to synthesize zinc oxide nanoparticles from an aqueous solution containing only zinc nitrate, polyvinyl pyrrolidone (PVP) and deionized water according to previous studies. This technique is simple and cost effective method that can produce pure metal oxide nanomaterial with no chemicals added and without polluting the environment.
Materials and Methodology
Poly (vinyl pyrrolidone) (PVP MW =29000 g/mol) stock obtained from Sigma Aldrich was used as a capping agent to reduce the agglomeration of the particles, zinc nitrate reagent, Zn (NO3)2 •4H2O stock supplied by Acros Organics SIGMA (MW = 297.47 g/mol) used as a metal precursor and deionized water was used as a solvent. The chemical materials were above 99% in purity and used without further purification. The PVP solution was made by dissolving 3 g of PVP powder in 100 ml of deionized water at a temperature of 70 o C in a water-bath. The solution was magnetically stirred at that temperature for 2 h. After that the zinc nitrate of 0.2 mmol was added into 100 ml PVP solution and the mixture was stirred continuously for 2 h until a colorless solution was obtained. No precipitation of materials was observed before drying the solution in Petri dish at 80 o C for 24 h. The resulting solid was crushed for 30 min in a mortar to form powder. The powder was divided into five portions and each portion was placed in crucible alumina for sintering and calcination at different temperatures of 500 and 550 o C for 3 h to crystalize the nanoparticles and decompose.
Results and Discussion
Figure1 shows the typical XRD patterns of the samples before and after calcination. A broad spectrum exhibited by the sample before calcination, indicates that the dried samples demonstrated an amorphous behavior although physically appeared to behave like crystalline materials. For the calcined samples at 500 o C and above, the spectrum shows sharper and narrower diffraction peaks, implying that the crystalline ZnO nanoparticles formation has been established. The existence of multiple diffraction peaks of (100), (002), (102), (110), (103),(200),(112) and (201) in the diffraction patterns suggests that the ZnO samples have a typical Hexagonal structure referring to JCPDS card no. 36-1451 data [7] . The crystalline sizes were found to range from 15 to 30 nm, which were calculated for the most intense peak (101) using the Scherrer's equation as given below;
where D is the crystallite size (nm), β is the full width of the diraction line at half of the maximum (101) intensity measured in radians, λ is the X-ray wavelength of Cu Kα = 0.154 nm and θ is the Bragg's angle. The TEM images were used to demonstrate the particle size and size distribution of ZnO nanoparticles and are shown in Figure 2 (a) and (b). The average particle size at calcination temperatures of 500, 550, and 600 o C is at about 16 and 30 nm respectively. These results indicate that the attained particle size increased with increasing calcination temperature due to the fact that as the temperature went high, many neighboring particles were prone to fuse together to form larger particle sizes by melting their surfaces [8] .
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Figure3
show the optical band gap has decreased with increasing calcination temperature from 3.23 eV at 500 o C to 3.21 eV at 600 o C as shown in Table 1 . A decrease in the band gap at higher calcination temperature is attributed to the increase in the particle size. It is believed that as the particle size increases, the number of atoms that form a particle also get increasing which consequently render the valence and conduction electrons more attractive to the ions core of the particles, and hence decreasing the band gap of the particles. 
Conclusion
ZnO nanoparticles have been successfully synthesized by thermal treatment method using only zinc nitrate as metal precursor, PVP as a capping agent, and deionized water as a solvent. The calcination has enabled the removal of organic compounds and nitrate ions leaving a residue of pure crystalline ZnO nanoparticles. The average particle size was in the range of 19 -29 nm as confirmed by TEM analysis. The energy band gap of the ZnO nanoparticles has been determined from the reflectance spectra and found decreasing with the increase of calcination temperature. The thermaltreatment method is proven to be a simple and low-cost method to produce pure metal oxide nanoparticles since no additional chemicals are added and it is an environmental friendly because of lack of by-product effluents.
